We present a Dark Energy (DE) model based on a scalar field with an inverse power law potential (IPL) ( ) 4 n n
Introduction
It has passed almost twenty years since the accelerated expansion of the universe was first observed by distance measurements using type Ia supernovae (SNeIa) [1] [2] . Since that time, the acceleration of the universe has been firmly established by a series of telescopes and satellites which gather information from How to cite this paper: Almaraz In the standard cosmological model (ΛCDM), the energy density of the universe at present day is made up of 69% of DE described by a cosmological constant Λ, 26% of dark matter (DM) while only 5% corresponds to the Standard Model (SM) particles consisting mainly of photons, neutrinos, and ordinary matter (protons, neutrons, and electrons). However, although the ΛCDM model has proved to agree very well with the observations [3] , there is no understanding of the physical mechanism that determines the origin and the magnitude of the cosmological constant Λ and hence of why and when the universe accelerates [10] . This lack of understanding is commonly expressed in terms of the "fine-tuning" and the "coincidence" problems; the former asks why play also an important role in the early universe, leading to cosmological imprints that can be tested against current observational information. However, here we are more interested in constraining IPL potentials with recent precision cosmological data than in a theoretical derivation of the IPL potential.
The outline of the paper is the following. In Section 2 we discuss the basic picture of the model and present the dynamical equations. The constraints set by the data are presented in Section 3. We study the cosmological consequences of the model in Section 4 and give our conclusions in Section 5. [30] . The evolution of the energy density ( ) The evolution of φ in a homogeneous flat universe described by the Friedmann-Lemaître-Robertson-Walker metric is completely determined by the Klein-Gordon equation
where the dots stand for cosmic time derivatives, and the Hubble expansion rate: 
with an equation of state (EOS)
and a mass given by
Since the potential V in Equation (1) is an inverse power of φ , the evolution of φ is an increasing function of time, i.e. of the expansion of the universe, while the mass ( ) m φ is a decreasing function.
We define the scale factor c a and mass parameter M as the scale when the scalar field takes the value of M (i.e. Notice that at c a we have (2) and (3)) with the IPL potential in Equation (1).
The homogeneous background approximation must be refined by considering also the perturbations of the different fluids. We stay in the linear regime where the energy density and other quantities can be decomposed into a homogeneous part (commonly denoted with a bar) and a small position-dependent perturbation.
We solve the perturbed equations in the syncrhonous gauge defined by the line 
where the primes stand for conformal time derivatives. The evolution of δφ in Fourier space is determined by:
Here a a ′ ≡  is the conformal expansion rate and 
Constraints
We explore the parameter space using the CosmoMC [32] and CAMB [33] (2) and (3)) at present time. Nevertheless, none of these two is larger than in ΛCDM. It is interesting to note that in [30] an IPL potential with 1 2 n = was also studied but with different initial conditions for φ . In [30] the evolution of the EoS close to present time is a decreasing function from 0.8 w = − to 0.87
They assumed that the potential V has reached the tracking regime [14] . As we can see, different initial conditions have a distinctive evolution of the EoS since in our case we have a growing EoS from
time (see Table 1 ). Clearly the choice of initial conditions of φ is also important. Figure 4 shows the fit of the IPL and ΛCDM models to the Planck 2015 CMB temperature anisotropy spectrum. Although the models with 3 4 n = and 1 n = have a slightly better fit to the data, we note that the amount of early extra radiation introduced by the model with 1 n = is in unavoidable tension with Big Bang Nucleosynthesis constraints on primordial helium [40] [41] and deuterium [42] [43] .
Cosmological Implications
As far as the evolution of matter perturbations is concerned, Figure 5 shows the resulting matter power spectra. In general, the spectrum is suppressed in the IPL models, where the differences with respect to ΛCDM lie within the 6% in the linear regime . Future precision cosmological measurements will allow us to further constraint the dynamical DE models where RSD will play an important role as well as better distance measurements.
Conclusion
Here we consider three different IPL potentials and leaving CMB an SNIa with an equivalent fit. With more precise measurements coming in the near future we could be at the stage to determine the dynamics of Dark Energy. In particular BAO and RSD data will be vital to achieve this goal. 
